Introduction
The wheat head armyworm, Dargida (previously Faronta) diffusa (Walker) (Lepidoptera: Noctuidae), while usually a minor pest, can sporadically cause important crop damage (Peairs et al., 2010) . This species is similar in appearance to its congener Dargida terrapictalis (Buckett) (Lepidoptera: Noctuidae), with which it is often confused (Rodriguez and Angulo, 2005) . Both species were moved from Faronta to Dargida by Rodriguez and Angulo (2005) . Dargida diffusa feeds on a range of grasses and cereal crops and appears to prefer seed heads (Watts and Bellotti, 1967) , making it a pest of cereal grains throughout the Midwest and Great Plains of North America (Covell, 1984) . Although its host range and pest status are not well studied (Michaud et al., 2007) , crop damage seems to occur both in the field and during grain storage. There are currently no integrated pest management thresholds or recommended treatments for this pest due to its sporadic late season appearance (Peairs et al., 2010) .
Dargida diffusa larvae pupate and overwinter in the soil, and adults mate within a few days of emerging. Females then lay eggs on developing wheat or barley (Powell and Opler, 2009) . Larvae occur on wheat heads by June. Larvae and adults are typically nocturnal (Michaud et al., 2007; Royer, 2007) . In more northern regions, D. diffusa has two generations per year and adults fly in late August. A 35% yield loss in spring wheat due to D. diffusa has been reported in Washington State (Roberts, 2009) . Meanwhile, Rondon et al. (2011) found both D. diffusa and D. terrapictalis to cause crop damage in Idaho and Oregon.
Concern over this pest increased with the occurrence of increased percentages of insect-damaged kernels (IDK) in 2014 in wheat harvest in the Golden Triangle area of Montana. Underhill et al. (1977) reported that D. diffusa responds to lures baited with a combination of the sex attractant compounds Z11-16Ac and Z11-16Ald. Such pheromone lures are being used to detect and monitor adults in wheat fields . However, the use of these lures is limited to monitoring, and control is based on use of insecticides, even though such applications may not be advisable near harvest.
Sustainable insect pest management (SIPM) products are intended to be safe alternatives to conventional insecticides, and some are both effective and harmless to the environment (Peshin and Dhawan, 2009; Murray et al., 2013; Bailey et al., 2013) . To date, no attempt has been made to find materials with these attributes for use against D. diffusa. Here we present results from a laboratory bioassay to evaluate the efficacy of several commercially available biorational products against larvae of D. diffusa.
Materials and methods

Insects
Larvae of D. diffusa were collected from wheat fields near Valier, MT, USA, using sweep nets, in June and July, 2015. Larvae were taken to the laboratory and placed in collapsible cages (12 cm × 10 cm × 10 cm), where they were fed wheat seed heads, and held at 21 ± 2 • C, 70-80% relative humidity, and an approximately 14:10 h L:D photoperiod. Field-collected larvae were separated by instar and ranged from first to four instars. For all experiments, second instars were used for laboratory bioassays.
Insecticides
Insecticides used were commercial formulations of (1) Entrust WP (spinosad 80%, Dow AgroSciences Indianapolis, IN), (2) Mycotrol ESO (Beauveria bassiana GHA, Lam International, Butte, MT), (3) Aza-Direct (azadirachtin, Gowan Company, Yuma, AZ), (4) Met52 EC (Metarhizium brunneum F52, Novozymes Biologicals, Salem, VA), (5) Xpectro OD (Beauveria bassiana GHA + pyrethrins, Lam International, Butte, MT), and (6) Xpulse OD (Beauveria bassiana GHA + azadirachtin, Lam International, Butte, MT). Cultures of M. brunneum F52 (a commercialized isolate previously identified as M. anisopliae) conidial powders were stored dry at 4-5 • C until formulated for use. The concentrations tested were 0.1, 0.5, 1.0 and 2.0 fold lowest label rate, while for Entrust additional concentrations of 0.001 and 0.01 fold the label rate were also prepared (Table 1) .
Laboratory tests
Laboratory tests were carried out from July and August of 2015 via contact application of various concentrations of the test materials (see Table 1 for exact concentrations tested). For each replicate, five second instar larvae were transferred onto a disk of Whatman No. 1 filter paper (9 cm diam, Whatman® quantitative filter paper, ashless, Sigma-Aldrich, St. Louis, MO, USA) in a 9 cm disposable Petri dish. Each Petri dish received three wheat stems about 5 cm long, each with 8-10 leaves as food for the larvae. Six replicate Petri dishes, containing a total of 30 larvae (5 per dish), were treated (using a 473 ml capacity Plant & Garden Sprayer, Sprayco, Livonia, MI) with 1 ml of the relevant test material . Controls were sprayed with 1.0 ml tap water. Following application, dishes were held under the same laboratory conditions used for rearing, and larval mortality was assessed daily for 9 days.
Statistical analyses
The data were analyzed with SAS 9.4 (SAS Institute, 2015). Mortality rates were corrected using Abbott's formula (Abbott, 1925; Perry et al., 1998; Antwi et al., 2007a) to adjust for control mortality. Mortality rates were regressed on concentrations, days, with treatment as categorical variable using logistic function in the general linear model (GLM). Based on the logistic function the effect and significance of concentration, day, and treatment on mortality were assessed. Survival rates were also determined from the mortality rates and graphs of survival rate (%) against log concentration were plotted with Sigma Plot 13.0 (SPSS Inc., Chicago, IL). Survival rates were regressed on log concentration using PROC REG. Lethal values (LC 50 ) were determined with PROC PROBIT. Differences in lethal values between treatments were determined by comparison of the 95% confidence limits (Finney, 1971; Robertson et al., 2007; Antwi and Peterson, 2009) . Poor fit models were accounted for by multiplying the variances by the heterogeneity factor ( 2 /k − 2), where k is the number of concentrations to account for extra binomial variations due to genetic and environmental influences that caused poor fit (SAS Institute, 2015; Antwi and Peterson, 2009 ).
Results
Mortality
The results of contact bioassays with tested materials against second instars of D. diffusa, shown in Table 2 , and Fig. 1 . Entrust caused high mortality to larvae, acting rapidly and reaching 83-100% mortality (0-17% survival rate) at day 3 across all concentrations ( Table 2 , Fig. 1.) . Mortalities were 66.7-100% (0-33.3% survival rate) for Xpectro, 42.5-100% (0-57.5% survival rate) for Xpulse, 30.8-100% (0-69.2% survival rate) for Aza-Direct across all concentrations from days 4 to 9. Across all the concentrations from days 5 to 9 mortalities were 10-100% (0-90% survival rate) for Mycotrol, 30-100% (0-70% survival rate) for Met52 (Table 2, Fig. 1) .
Effects of concentration, day and treatment on mortalities are shown in Tables 3 and 4 . Concentration and day effects were significant (Table 3) . Among the regression models that were fitted Eq. (2) was the best model (Table 3) . Eq. (2) from Table 3 indicates that among the treatments Entrust was the most effective and this had the most significant effect on D. diffusa. Concentration effects were significant for Mycotrol, Met52, Aza-Direct, and Xpulse (Table 4) . Entrust had a P value of 1 for the concentration and intercept, due to the death rate being approximately close to 1 as most organisms were dead within day 1 (Table 4) . Day effects were significant for Xpulse, and Entrust treatments (Table 4) . Lethal concentrations for each test material are presented in Table 5 . Generally, there was a good fit to the model assumptions. Entrust was the most effective insecticide compared to Mycotrol, Met52, Aza-Direct, Xpulse, and Xpectro, since Entrust had a steep slope of mortality over time (i.e., it killed rapidly) (Fig. 1) . Table 6 , show the regression relationship between survival rates of D. diffusa and log concentration of tested materials (Mycotrol, Met52, Aza-Direct, Xpulse, Xpectro, and Entrust).
For Mycotrol the models explained 22.78-90.17% of the total survival rate variation for D. diffusa for days 1-9 (Table 6 ). The regression models explained 3.67-99.44% of the D. diffusa survival in the Met52 treatment from days 1 to 9 (Table 6) , and 24.29-99.30% of the total survival rate response variation for days 1-9 in the Aza-Direct treatment (Table 6 ). Regression models explained 24.29-98.33% of the total survival rate of D. diffusa to Xpulse from days 1 to 9 (Table 6 ). Xpectro treatment to D. diffusa 
. c S.E. = standard error. d *Significant, **very significant, ***highly significant effect at P ≤ 0.05. e Due to most death within day 1, the death rate was close to one, the generalized linear model could not converge with fitted probabilities close to one. resulted in total survival rate response variation of 24.29-97.67% at days 1-9 (Table 6 ). Entrust treatment also resulted in the models explaining survival rate of D. diffusa variation from 35.02 to 61.09% at days 1-9 (Table 6 ). For Mycotrol the slopes varied from −10.56 to 2.12 at days 1-9 (Table 6 ). For Met52 the slopes ranged from −17.70 to 2.12 at days 1-9 (Table 6 ). Aza-Direct treatment resulted in slopes ranging from −9.11 to 1.12 at days 1-9 (Table 6 ). Xpulse treatment resulted in slopes varying from −19.77 to 2.12 from days 1 to 9 (Table 6 ). At days 1 to 9 for Xpectro treatment the slopes varied from −5.49 to 0.67 (Table 6) . From days 1 to 9 for Entrust treatment the slopes ranged from −275.06 to 16.51 (Table 6) .
Lethal concentrations at 5 days post treatment were determined for Entrust (8.11 × 10 −6 g a.i./L), Aza-Direct (0.0004042 g a.i./L), Xpulse (0.0007180 g a.i./L), Xpectro (0.00177 g a.i./L), Met52 (0.01880 g a.i./L), and Mycotrol (0.10968 g a.i./L) ( Table 3) . Based on the lethal concentrations Entrust was the most toxic among the treatments to D. diffusa.
Discussion
Of the six biological insecticides tested against D. diffusa in the laboratory, only Entrust (spinosad 80%), caused high rates of mortality to larvae, with 100% of larvae dying by 9 days after treatment. The other materials were virtually indistinguishable in final rates of mortality at day 9 but some acted more quickly, with Xpectro (B. bassiana GHA + pyrethrins) was the next most toxic followed by Xpulse, Aza-Direct, Met52 and Mycotrol. Spinosad, the active ingredient in Entrust, is a broad-spectrum insecticide, relatively fast acting and toxic to wide variety of insects (Salgado, 1998; Simon, 2009; Sparks et al., 1998) . Studies by Cleveland et al. (2001) and Morandin et al. (2005) showed through acute oral and contact toxicity that spinosad is highly toxic to bees. During our study, Entrust caused lower survivability within 24 h after treatment, which may make this product advantageous to use whenever sudden pest outbreaks occur. On the other hand, repeated Entrust applications may be necessary, since spinosad loses its toxicity after 7 days and it may therefore be necessary to reapply if new larvae hatch. Rizk et al. (2014) suggested that this might be because the major route for spinosad degradation is photolysis. Several other reports (Brunner and Doerr, 1996; Liu et al., 1999; Antwi et al., 2007b) have found that Entrust (spinosad) applied to field crops largely loses activity after a week due to degradation when exposed to sunlight (Saunders and Bret, 1997) . However, we found that none of the other treatments provided similar levels of control to that of the Entrust treatment (Fig. 1 , Tables 5 and 6 ).
Aza-Direct (azadirachtin), while having no immediate knockdown effect on pests, has been found to reduce feeding and cause death within several days (Rizwan-Ul-Haq et al., 2009; Roy and Gurusubramanian, 2011) . Foliar spray applications of commercial neem formulations have been found to persist for 5-7 days under field conditions (Schmutterer, 1990) .
Met52 (M. brunneum F52) and Mycotrol (B. bassiana GHA), compared to spinosad, caused 73.3-100% (0-26.7 survival rate), and 88.9-100% (0-11.1% survival rate), respectively from days 8 to 9.
